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Abstract
We report the first results from high-statistics observation of the 6.4-keV line in the region of l = +1.5◦
to +3.5◦ (hereafter referred to as GC East), with the goal to uncover the origin of the Galactic ridge
X-ray emission (GRXE). By comparing this data with that from the previous observations in the region
l = −1.5◦ to −3.5◦ (hereafter referred to as GCWest), we discovered that the 6.4-keV line is asymmetrically
distributed with respect to the Galactic center, whereas the 6.7-keV line is symmetrically distributed. The
distribution of the 6.4-keV line follows that of 13CO and its flux is proportional to the column density of
the molecular gas. This correlation agrees with that seen between the 6.4-keV line and the cold interstellar
medium (ISM) (HI + H2) in the region |l| > 4
◦. This result suggests that the 6.4-keV emission is diffuse
fluorescence from the cold ISM not only in GC East and West but also in the entire Galactic plane. This
observational result suggests that the surface brightness of the 6.4-keV line is proportional to the column
density of the cold ISM in the entire Galactic plane. For the ionizing particles, we consider X-rays and
low energy cosmic-ray protons and electrons .
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1. Introduction: Neutral iron K line in the Galactic ridge
Suzaku successfully resolved the structure of the highly
ionized iron K emission lines from the Galactic center
region and determined the plasma temperature, not from
the shape of the continuum spectrum, but from the ratio
of the fluxes of the 6.7-keV line (He-like ions) to 6.9-
keV line (H-like ions), thanks to its large collecting area
and precise spectroscopic performance. Koyama et al.
(2007) and Yamauchi et al. (2009) found that the plasma
temperature (kT ∼ 5.5keV) of the Galactic ridge X-ray
emission (GRXE, |l| > 1.5◦) is significantly lower than
the plasma temperature (kT ∼ 7keV) of the Galactic
center diffuse X-ray emission (GCDX, |l| < 1.5◦). Thus,
these thermal emissions should have different origins.
Figure 1 shows the equivalent width map of the 6.4-
keV line (neutral iron) in and near the Galactic center
region, in which the prominent features of Sagittarius
(Sgr) A, B, C, D, and E are seen. Sgr D and E are
new discoveries by Suzaku (Ryu 2013). The idea of X-
ray reflection nebula irradiated by Sgr A* is now widely
accepted. No region with such high equivalent width
has been discovered except the Galactic center region.
However, Suzaku observed uniform 6.4-keV line emission
with nearly equal equivalent width that extends toward
the Galactic ridge, where it also discovered the 6.4-keV
line from GRXE (Ebisawa et al. 2008; Yamauchi et al.
2009). In addition, we found a hint that the 6.4-keV line
emission from the GRXE to the east-side of the Galac-
tic center region is stronger than that to the west-side
(Maeda 1998; Uchiyama et al. 2011). Here, we present
the first report of the high-statistics observation of the
6.4-keV line in the region of l = +1.5◦ ∼ +3.5◦ (here-
after referred to as GC East), which was done in the
Suzaku AO-7 key project.
2. Observation
Our AO-7 project observation consists of 10 pointings of
100 ksec exposure each at the Galactic longitude from
l = +1.5◦ to +4.0◦. We had finished 7 pointings by
February 2014 and were planned to do remaining three
pointings during the spring 2014. Figure 2 shows mosaic
images including the previous observation in the eight X-
ray energy bands from 0.5 to 8 keV. Artificial structures
are apparent in the energy bands from 1 to 7 keV. These
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Fig. 1. Equivalent width map of the 6.4-keV line in and near the Galactic center region obtained with Suzaku.
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Fig. 2. X-ray mosaic mages in the eight energy bands from 0.5 to
8 keV at the Galactic longitude of l = 1◦ to 3.5◦.
structures are due to stray X-ray light from GX 3 + 1,
which is a very bright low-mass X-ray binary located at
(l, b) = (+2.294◦,+0.7937◦) (Mori et al. 2005). Thus,
careful analyses are necessary.
2.1. Stray Light from GX 3 + 1
Figure 3 shows an typical image. The image is divided
into three regions according to the type of stray light
(Mori et al. 2005; Suzaku TD). Region (a) is called the
“secondary-reflection region”, where the X-rays from the
stray source are reflected only once by the secondary re-
flector. This region is the brightest of the three and a
comb-like structure is clearly seen. Region (b) is the
“backside-reflection region”, where the X-rays from the
stray source are scattered at the backside of the primary
reflector and are followed by the normal double reflec-
tion. The iron K line band is free from stray light be-
cause stray light is only bright below 1.5 keV. Region (c)
is referred to as the “quadrant-boundary region” and is
the shadow of the structure of a quadrant of the XRT of
the Suzaku satellite. This region is free from stray light.
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Fig. 3. Example of X-ray images obtained in the Suzaku key project
observation is reported here. The regions marked with (a),
(b), and (c) are the secondary-reflection, backside-reflection, and
quadrant-boundary regions, respectively (Mori 2005; Suzaku TD).
The region between the two green lines is the shadow of the struc-
ture of the quadrant of the XRT of the Suzaku satellite. The both
arcs of 1 and 2 share a common center at GX 3+1. Arc 1 passes
the field of view center of this observation and arc 2 has a ra-
dius 2 arcmin larger than arc 1. Stray light comes only from the
backside-reflection outside of arc 2.
2.2. The fluxes of the 6.4- and 6.7-keV lines
The stray light in the secondary-reflection region is too
bright to obtain the continuum component of the GRXE.
However, observation by XMM-Newton revealed no nar-
row iron K line in the spectrum of GX 3+1 (Piraino et al.
2012). Thus, we were able to use the entire field of view
(FOV) to obtain the flux of iron K lines. For confirma-
tion, we compare the iron flux obtained from the entire
FOV with the iron flux in the quadrant-boundary region
plus in the backside-reflection region, where the iron K
line band is free from stray light. Figure 4 shows the flux
of 6.7- and 6.4-keV lines as a function of the Galactic lon-
gitude. No significant difference between the two regions
is observed. For good statistics, we adopt the iron K line
flux from the entire FOV in the following analyses.
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Fig. 4. The surface brightness of the 6.7-keV (upper panel) and
6.4-keV (lower panel) lines as a function of the Galactic longitude.
Blue and red points represent the data obtained in the entire
FOV region and the region of quadrant-boundary region plus the
backside-reflection region, respectively.
3. Results and Discussion
3.1. Asymmetrical distribution of the 6.4-keV line
Figure 5 shows the flux of the iron K emission lines as
a function of Galactic longitude. This figure includes
the data collected during the previous observation. Al-
though the 6.7-keV line is symmetrically distributed with
respect to the Galactic center, the 6.4-keV line is asym-
metrically distributed. The flux of the 6.4-keV line in
GC East is twice that in the region l = −1.5◦ to 3.5◦
(hereafter referred to as GC West). If the 6.4-keV line
has the same origin as the 6.7-keV line, the two lines
should have same symmetrical distribution. Thus, the
observational results suggest that the origin of the 6.4-
keV line is different from that of the 6.7-keV line. Thus,
GRXE consists comprises at least two components; one
emitting the 6.4 keV line and the other emitting the 6.7
keV line.
3.2. Distribution of 6.4-keV line and molecular clouds
The 6.4-keV line is due to fluorescence from molecular
clouds in the Galactic center region. Thus, using the
data obtained with the NANTEN telescope (Takeuchi et
al. 2010), we compare the distribution of the 6.4-keV
line in GC East and West with that of the molecular
clouds. Figure 6 shows the surface brightnesses of 13CO
and the 6.4-keV line as a function of the Galactic longi-
tude. The surface brightness of 13CO is the average from
b = −0.126◦ to+0.034◦, whereas the surface brightness
of the 6.4-keV line is the average over the FOV. The
6.4-keV line follows the 13CO surface brightness very
well, which suggests that the 6.4-keV line is related to
the molecular clouds. The structure at l = 3.2◦ is the
molecular cloud complex called “Clump 2”, which ex-
tends from (l, b) = (+3.2◦, 0.0◦) to (+3.2◦,+0.5◦) (Bania
et al. 1977). In this region, the 6.4-keV line also follows
the 13CO surface brightness.
3.3. Correlation between the 6.4-keV line and cold ISM in
Galactic plane
Figure 7 shows the surface brightness of the 6.4-keV line
as a function of cold ISM column density in GC East and
West. For this figure, we applied the conversion factor of
NH/W (
13CO) = 1 × 1023cm−2/57.1 K km sec−1. Note
that the cold ISM is dominated by molecular clouds in
GC East and West. The figure shows that the flux of
the 6.4-keV line is proportional to the cold ISM column
density. This result suggests that the origin of the 6.4-
keV line is diffuse and could be fluorescence from the
cold ISM.
We now discuss the entire Galactic plane beyond GC
East and West. Uchiyama et al. (2014) recently found
good correlation between the surface brightness of the
6.4-keV line and the cold ISM column density consisting
of HI (Kalberla et al. 2005) and H2 calculated from the
CO map by Dame et al. (2001) in the region |l| > 4◦ in
the Galactic longitude, where the contribution from HI
gas to the cold ISM is significant, and molecular gas (H2)
as well. We find that the correlations are very consistent
with each other (Figure 7), which suggests that the 6.4-
keV emission from the entire Galactic plane has the same
diffuse origin as in GC East and West.
3.4. Ionizing Particles
Assuming that the origin of the 6.4-keV line fluorescence
from the cold ISM, we now discuss ionizing particles.
First, we consider the idea of an X-ray reflection nebula,
which has already been observed in the Galactic center
region. For Sgr A*, observation of the 6.4-keV line and
13CO in GC East and West regions require a luminosity
of ∼ 1041ergs sec−1. The studies of the Galactic center
region (|l| < 1.5◦) imply that Sgr A* was bright for about
700 yrs at the luminosity of∼ 1039ergs sec−1 (Ryu 2013).
Thus, the scenario would be possible for the 6.4-keV line
also in GC East andWest. However, maintaining a linear
relationship through the entire Galactic plane shown in
Figure 7 requires a monotonic increase in the luminosity
of Sgr A* from 1041 to 1043ergs sec−1 for the last 104 yrs,
which is not impossible but seems rather artificial. The
radiation sources would have to be bright binary sources
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Fig. 5. Surface brightness of 6.4-keV line (red) and 6.7-keV line (green) as a function of the Galactic longitude. Red and blue dashed lines
are to guide the eye and show the symmetry with the respect to the Galactic center.
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Fig. 6. The surface brightness of the 6.4-keV line (red) and intensity of 13CO (black) as a function of galactic longitude.
and/or unresolved sources related to the diffuse 6.7-keV
line of GRXE. We plan to investigate this possibility by
comparing the distribution of the 6.4-keV line with the
cold ISM and the X-ray sources.
Dogiel et al. (2011) and Tatischeff et al. (1999) at-
tribute the continuum X-rays and the 6.4-keV line to
the impact of low energy cosmic-ray protons (hereafter
LECRp) on the cold ISM in the Galactic center region
and Galactic plane. Assuming the spectrum of the galac-
tic low energy cosmic-ray (∼ 10 MeV) is equal to that
given by Ip et al. (1985), we find that a LECRp energy
density of ∼ 1× 103eV cm−3 is required. Thus, LECRp
could be ionizing particles near the Galactic center re-
gion such as GC East and West. However, their energy
density would be too high to explain the 6.4-keV line for
the entire Galactic plane.
Valinia et al. (2000) propose the interaction of low
energy cosmic-ray electrons (hereafter LECRe) with the
cold ISM as the mechanism for the GRXE origin includ-
ing the 6.4-keV line, and they estimate an energy density
of ∼ 1eV cm−3. We find that the relationship shown in
Figure 7 is consistent with this idea.
In this paper, we present the first results from the
Suzaku key project “Origin of the 6.4-keV line of the
Galactic Ridge X-ray Emission”. Observation and data
analysis of this key project is still ongoing. Our next step
is to analyze spectra where features such as equivalent
widths and absorption edges are crucial to uncover the
origin of the 6.4-keV line and its ionizing particles.
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